Purpose: To estimate the cost-effectiveness and budget impact of viscosupplementation with one intra-articular (IA) injection of 6 mL hylan G-F 20 (Synvisc-One ® ) and with three injections of 2 mL hylan G-F 20 (Synvisc ® 3×2) in knee osteoarthritis (OA) patients compared with conventional support therapy (CST -eg, NSAIDs and acetaminophen) and the cost-effectiveness of one IA injection of 2 mL hylan G-F 20 (Synvisc ® 1×2) in hip OA patients compared with CST from an Italian Health System perspective. Methods: The model used was a Markov model with states for stages II-IV on the Kellgren-Lawrence scale and runs on 6-month cycles over a 5-year time horizon. A 3.5% discount was applied to both costs and utilities. Direct costs were determined from the perspective of the Italian National Health Service. A one-way and probabilistic sensitivity analysis was conducted for both comparisons. Results: Hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL for knee OA were very likely to be cost-effective when compared to acetaminophen (ICER = €3,160.61 and €3,845.81 per QALY, respectively) and NSAIDs as both ICERs are below €25,000. The hip OA treatment by hylan G-F 20 1×2 mL was dominant compared to NSAIDs and very likely compared to acetaminophen. The results of the cost-effectiveness analysis were confirmed by one-way sensitivity analysis. The budget impact analysis for knee and hip OA showed a small increase in expenditure during 5 years.
Introduction
Osteoarthritis (OA) is a chronic degenerative joint disease characterized by progressive damage of articular cartilage and underlying bone, pain and functional limitation. 1 It is the most common form of arthritis and the sixth-leading cause of disability in the world, 2 being comparable to that of asthma, 3 according to WHO.
The hip and knee are the joints most frequently affected by OA, and they are associated with moderate to severe disability even in young adults. 4 In European countries, OA estimated prevalence is 35% among people aged 50-59 years, and 55% for people over 70 years of age, 5 while the lifetime risk is 45% and 25%, 6, 7 respectively, for knee and hip OA.
Limitations to job activity are relevant in people with OA if compared with a healthy age-and sex-matched population, leading to a reduction of working hours, difficulties in job applications, or early retirement due to the illness, 8 and thus, causing relevant socioeconomic consequences and financial losses. 9 Given the increasing incidence of OA with age, the extended life expectancy observed in Italy should result in a progressively higher number of people with this condition. 10 Hip and knee OA are usually managed with systemic treatments such as analgesics and NSAIDs and, in the most advanced cases, with prosthesis. However, many patients cannot tolerate NSAID-induced side effects, predominantly gastrointestinal ulceration and bleeding. 11 Furthermore, although surgical treatment of hip and knee OA is effective, it is not appropriate for all disease stages or for all patients, and it is also costly and not without risk. 12 Viscosupplementation (VS) with intra-articular hyaluronic acid (IA-HA) is a well-established treatment option in knee OA and it is included in the professional guidelines for treatment of the disease in this joint, but it should be applied theoretically to all synovial joints in order to reduce pain, improve joint function and contrast joint damage. 1, 13, 14 VS with hylan G-F 20 has been shown to be safe and effective treatment in patients suffering from both knee and hip OA. [15] [16] [17] The use of treatments such as VS is a decision to be considered at the initial stage, since they involve more short-term costs, but represent savings in the medium and long term by delaying surgery and reducing NSAIDs and acetaminophen consumptions. 17 The change from non-invasive (eg, NAIDS, etc.) to an invasive therapeutic solution could at first glance lead to a low adherence and acceptability by patients but unfortunately, there are few data available on this point. In particular, many of the conclusions regarding patient acceptability can be derived from clinical effectiveness in pain reduction. For example, the overall satisfaction rate assessed at 12 weeks in a study of two HA preparations was high, with over 80% of all patients being either "satisfied" or "very satisfied." 18 Briggs et al 19 more recently on pretreatment patient expectations and posttreatment satisfaction reported that relief of pain and improved ability to walk were considered "very important" by 69% and 78% of the patients, The aim of this analysis was to determine the costeffectiveness and the budget impact of hylan G-F 20 therapy compared with conventional supportive therapy (NSAIDs and acetaminophen) in the treatment of knee and hip OA in the Italian setting.
For knee OA, two different cost-effectiveness (CEA) and budget impact (BIA) analyses were performed: the first one with one IA injection of 6 mLhylan GF-20 (Synvisc-One ® -hylan G-F 20 1×6 mL) and another with three injections of 2 mLhylan G-F 20 (Synvisc ® -called hylan G-F 20 3×2 mL) per year. For hip OA, the CEA and BIA were performed considering one IA injection of 2 mL hylan G-F 20 every 6 months (Synvisc ® -called hylan G-F 20 1×2 mL).
Methods

Model and transition probabilities
The model used was a Markov model with states for stages II-IV on the Kellgren-Lawrence (K-L) scale, and then states for either total knee replacement (TKR) or total hip replacement (THR), the after-replacement period, and death. In each of the K-L states, a decision tree was used to model treatment effectiveness, with different utility values applied for successful treatments depending on the intervention used and then the same utility value regardless of intervention for treatment failure. The model runs on 6-month cycles.
A 5-year horizon was chosen with a 3.5% discount applied to both costs and utilities. Patient progression through the K-L states was based on a rate of progression derived from Pavelka et al (2000) and Jordan JM et al (2011) studies, for knee and hip, respectively. 21 
Efficacy
Effectiveness was defined as the number of patients having a meaningful reduction in knee OA symptoms and these values were derived from clinical trials. 15, [28] [29] [30] The same effectiveness values were used for hylan G-F 20 3×2 mL and hylan G-F 20 1×6 mL OA knee analyses, as they showed similar effectiveness.
31
The same effectiveness values were used for both knee and hip analyses as there are few data from trials that were solely focused on hip OA as opposed to solely knee OA or a combination. This assumption is supported in the literature. 17 
Cost
Direct costs were determined from the perspective of Italy's National Health Service and included direct costs of the drugs (NSAIDs and acetaminophen), the cost of administering hylan G-F 20 1×6 mL and hylan G-F 20, while the costs of gastrointestinal and cardiovascular AEs were estimates by Piscitelli et al (2012), 10 Gerzeli et al (2005), 32 and Stukerboom et al (2002) 33 studies. The cost of hylan G-F 20 1×6 mL and hylan G-F 20 was communicated by the pharmaceutical company (Table 1) . Regarding the choice of acetaminophen and NSAIDs drugs used in the analysis, the expert opinion of Prof. Alberto Migliore 34 and the most widely used drugs in the Italian context were considered (Table S1 ). Moreover, in order to estimate the cost of each drug, the average cost between originator cost and generic drug costs was assumed (using CODIFA Database) (Table S2 ). Knee and hip IA injection administration costs were estimated from outpatient service costs of Italian National Health Service 35 and for hip VS was considered the ultrasound-guided IA injection technique because IA injections, may be dangerous to infiltrate the hip owing to the uncertainty of injecting into the joint cavity. The ultrasound guidance extends the same benefits as achieved by VS in OA of the knee to OA of the hip but it brings an additional cost. 36 It was assumed that other related costs such as specialist visit costs would be similar regardless of treatment and have therefore been excluded. This decision is discussed further in the sensitivity analysis.
Indirect costs were also included based on productivity loss on treatment failures. This was derived using the average number of work days OA suffers miss multiplied by the average daily salary in Italy (OECD, 2016). 37, 38 Kingsbury et al study 37 is the only one updated scientific publication that estimates working days lost for knee and hip OA in Italy, but it also considers finger OA. Therefore, indirect costs related to productivity loss might be DovePress overestimated just in the CEA and not in BIA because it takes into account only the direct cost. Furthermore to estimate accurately productivity loss, it is necessary to conduct Real Word Evidence studies by using regional or hospital databases. These costs are included regardless of age based on the argument that the productivity of retired people should be included in for equity reasons. 39 
Budget impact analysis
The BIA has been generated for knee and hip. Hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL were used for knee and hylan G-F 20 1×2 mL for hip models, considering simulation with a time horizon of 5 years, for a cohort of 1,000 patients for states 2, 3 and 4 according to K-L scale and the other input parameters used in the cost-effectiveness model. The consumption of drugs at stages 2-4 was estimated by Thomas et al (2017) 40 and expert opinion. Two scenarios have been analyzed: treatment of knee/ hip OA with and without hylan G-F 20 1×6 mL/hylan G-F 20 and include cost associated with drug assumption (NSAIDs, acetaminophen, PPI, COX2), AE incidence, TKR/THR and knee/hip revision. In the VS scenario for knee and hip joints, we used a Kaplan-Meier survival curve to estimate the delay in performing a knee and hip operation, as reported in Waddell et al (2007) and in Van Den Bekerom et al (2008) , respectively. 41, 42 Considering the lack of Kaplan-Meier curve for hylan G-F 20 1×6 mL, Waddell's study was used for hylan G-F 20 1×6 mL too. Considering the time horizon of BIA, the hip and knee prosthetics reduces the economic burden of hip and knee OA due to joint replacement and prosthesis revision costs, and management of AEs too. As in the CEA, the choice of PPI and COX2 drugs used in the analysis are based on expert opinion and most widely used drugs in Italy (Table S2) . Drug costs were estimated based on the average between the cost of originator and the cost of generic drugs (using the CODIFA Database). The perspective used to perform this analysis is one of the public payer of the Italian National Health System.
Results -CEA Base case analysis -knee After running the model with the base case values, ICERs for the comparison of hylan G-F 20 1×6 mL, hylan G-F 20 3×2 mL versus both acetaminophen and NSAIDs were determined for the treatment of knee OA ( Table 2, Table 3 ).
The results show that hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL for OA knee treatment are very likely to be cost-effective compared to acetaminophen and NSAIDs as the ICERs for both comparisons are well below €25,000, one of the suggested cost-effectiveness thresholds for Italy (Mencacci et al, 2013) 43 (Tables 2 and 3 ).
The ICER is higher hylan G-F 20 3×2 mL compared to hylan G-F 20 1×6 mL analysis due to the higher cost of hylan G-F 20 3×2 mL due to the three injection administration. Another important aspect that should be considered is the reduction in NSAIDs-related AEs with hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL.
Serious AEs, defined as either cardiovascular events, including myocardial infarction, stroke, coronary heart disease, and congestive heart failure, or gastrointestinal events, including gastric or duodenal ulcers, gastrointestinal 
Base case analysis -hip
The results for hylan G-F 20 1×2 mL for hip OA treatment indicate additional QALYs and cost compared to acetaminophens with the ICER well below €25,000, while hylan G-F 20 1×2 mL compared to NSAIDs was dominant, which means that hylan G-F 20 1×2 mL is the most efficacy and less expensive treatment option ( Table 4) . As discussed in the knee analysis, another aspect that should be considered is the reduction in NSAIDs-related AEs that hylan G-F 20 provides. Out of a cohort of 1,000 patients over the 5-year horizon, there were 26 serious AEs and five deaths simulated in the NSAIDs cohort. The lower numbers, when compared to the knee analysis, are due to the higher rate of hip replacements, thus fewer patients are taking NSAIDs.
One-way sensitivity analysis
A one-way sensitivity analysis was conducted for hylan G-F 20 1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL for both comparisons. In all cases, the results of hylan G-F 20 1×6 ml and hylan G-F 20 3×2 mL remained robust ICER under €17,000 to any parameters within plausible ranges, except for the following three scenarios. Comparison with NSAIDs where the utility assigned to treatment failure, at the upper value in the potential range increases the ICER to €22,000 for hylan G-F 20 1×6 mL and €25,000 for hylan G-F 20 3×2 mL. This scenario is, however, an unrealistic scenario (not plausible) as it suggests that the treatments analyzed actually worsen the patients' condition.
The one-way sensitivity analysis results for hylan G-F 20 1×2 mL remained robust (maintaining the ICER under €7,000) for any parameters within plausible ranges. To further explore the uncertainty of the effectiveness of hylan G-F 20 for hip OA, a scenario analysis was run by giving each intervention the same likely range of effectiveness and running 1,000 iterations of the simulation (Monte Carlo Simulation) while drawing from distributions reflecting the likely range of the other parameters. Table 5 shows very similar results to the base case results with hylan G-F 20 1×2 mL dominating the other interventions.
Probabilistic sensitivity analysis
Probabilistic sensitivity analysis was conducted to address any uncertainty in the analyses for both comparisons. The results are presented as cost-effectiveness planes and a cost-effectiveness acceptability curves (CEAC). To demonstrate the spread of potential values, the incremental costs and QALYs from the 10,000 iterations are plotted in Figures 1A, 2A and 3A for the comparison with acetaminophen and Figures 1B, 2B and 3B for the comparison with NSAIDs, for hylan G-F 20 1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL, respectively. For both comparisons of hylan G-F 20 1×6 mLand hylan G-F 20 
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3×2 mL, the majority of these points are in the top-right quarter, indicating in both cases that hylan G-F 20 1×6 mLand hylan G-F 20 3×2 mL are more effective and more expensive. This mirrors the results of the base case scenario. For acetaminophen comparison of hylan G-F 20 1×2 mL, the majority of these points appears to be to the right of the y-axis and evenly split by the x-axis, suggesting that hylan G-F 20 1×2 mL is more effective and about the same cost. For the NSAIDs comparison, the majority of the points are in the lower right-hand quadrant, suggesting that hylan G-F 20 is more effective and cheaper.
The CEAC shows the probability that hylan G-F 20 1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL are cost-effective when compared to either acetaminophen or NSAIDs for a range of values for the societal willingness-to-pay for a QALY. The CEAC is generated by running 10,000 iterations of the simulation (Monte Carlo simulation) while drawing from distributions reflecting the likely range of parameters and calculating the proportion of these iterations wherein the ICER is below a certain threshold (Drummond et al, 2015) . 39 The hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL CEACs for both comparisons are shown in Figures 1C and 2C for acetaminophen and Figures 1D, and 2D for NSAIDs. These show that while there are some differences in two curves, both are likely to be cost-effective even at thresholds well below €25,000 for hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL. For example, the probability that hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL are the most cost-effective treatment is over 50% at a threshold of €4,000 and €5,000 when compared to acetaminophen, and €7,000 and €12,000 compared with NSAIDs, respectively. When a threshold of €25,000 was considered, there is a probability of 74.9% and 75.8%, respectively, for hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL, of being cost-effective compared to acetaminophen and of 56.2% and 53.8% when compared to NSAIDs. The hylan G-F 20 1×2 mL CEACs for both comparisons are shown in Figure 3C for acetaminophen and Figure 3D for NSAIDs. Figure 3C shows that hylan G-F 20 1×2 mL has an approximate 80% probability of being cost-effective at any threshold above €2,000 when compared with acetaminophen. The CEAC comparing hylan G-F 20 with NSAIDs demonstrates that hylan G-F 20 does have a probability of approximately 60% of being costeffective up to a threshold of €50,000.
Results -BIA
Considering the model structure, literature review to measure transition probabilities from each state starting from state 2 and expert opinion, the budget increase per patient per year within a 5-year time horizon is €99.99 and €122.49 for hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL, respectively. The higher result for hylan G-F 20 3×2 mL is due to the higher administering cost for three injections versus hylan G-F 20 1×6 mL (one injection).
However, the results show that using hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL for treatment of knee OA lead to a very marginal impact on health-care expenditures for the Italian National Health Service (Table 6 and Table 7) .
For OA hip treatment with hylan G-F 20 1×2 mL, the budget impact showed an additional net cost during 5 years, approximately €151.06 per patient per year, compared to the scenario without hylan G-F 20 1×2 mL (Table 8) .
Discussion
Considering Markov model simulations and ICER per QALY results, we found that both hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL compared to the best supportive care were very likely to be cost-effective when compared to acetaminophen (ICER = €3,160.61 and €3,845.81 per QALY, respectively) and NSAIDs (ICER = €7,440.07 and €10,229.83 per QALY, respectively) as both ICERs are below €25,000. The hip OA treatment by hylan G-F 20 1×2 mL was dominant compared to NSAIDs and very likely compared to acetaminophen (ICER = €937.10 per QALY). The oneway analysis demonstrated that results remained robust for any parameters within plausible ranges, keeping the ICER under €17,000, €17,000 and €7,000 for hylan G-F 20 1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL, respectively. The CEACs for knee showed a probability of 74.9% and 75.8% of being cost-effective compared to acetaminophen and of 56.2% and 53.8% when compared to NSAIDs, respectively, for hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL, considering a threshold of €25,000.
The CEACs for hip showed that hylan G-F 20 1×2 mLhas an approximately an 80% probability of being costeffective compared with acetaminophen at any threshold above €2,000, and nearly 60% of the probability if compared with NSAIDs up to a threshold of €50,000.
In addition to the cost-effectiveness of hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL, the BIA for knee OA showed a small increase in expenditure during a 5-year timeframe, resulting in an increased budget impact per patient per year of €99.99 for hylan G-F 20 1×6 mL and €122.49 for hylan G-F 20 3×2 mL. An additional net cost during 5 years approximately €151.06 per patient per year was shown in the BIA for hip OA treatment with hylan G-F 20 1×2 mL.
One of the strengths of the cost-effectiveness model is that it includes the most relevant grades of OA (Kellgren & Lawrence grades 1-4) and is stratified by age.
One of the main limitations of the study is that some variables were taken from the literature based on nonItalian populations where disease management and progression can be different. This could change the results of budget impact and cost-effectiveness models.
Conclusion
Knee and hip OA is one of the leading cause of chronic pain, disability and reduced quality of life. Furthermore, the clinical and economic burden of knee and hip OA is significant, and is increasing due to demographic changes, longer life expectancy, higher levels of obesity, and reduced levels of physical fitness.
In the analysis, VS with hylan G-F 20 1×6 mL/hylan G-F 20 showed a decrease in medication consumption and drug-related AEs, and a delay of prosthesization, leading to a reduction of the economic burden due to OA on the Italian National Health Service. Thus, it is important to consider that current OA treatment showed several side effects, such as cardiovascular and gastrointestinal events caused by anti-inflammatory drugs and pulmonary embolism due to prosthesization. Moreover, total prosthesization probably involves higher costs due to hospital and home physiotherapy.
Hylan G-F 20 can also be used in the treatment of OA patients not eligible for prosthetic treatment (mainly elderly patients) and in patients where the intake of anti-inflammatory drugs presents an unfavorable benefit-risk ratio.
Delaying prosthesis means that some patients will no longer be eligible for prosthetic treatment because they are likely to develop comorbidities. VS is an important treatment option for these patients to maintain a good quality of life and reducing the intake of painkillers.
The important issue, in addition to the necessity of identifying the characteristics of the eligible patient, is to understand the potential of hylan G-F 20 from a broader social perspective because OA is a widespread and has a considerable societal impact. Real Word Evidence studies, utilizing regional or hospital databases, are currently lacking but could provide more precise costs estimates for both prosthetics (costs of physiotherapy in hospital/domiciliary regimen and drug consumption) and hylan G-F 20/ hylan G-F 20 1×6 mL (in particular, the reduction of physiotherapy and medications related to hylan G-F 20 intake). 
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